Summary Whether the speed of body mass (BM) reduction influences the body composition is uncertain. To investigate the effects of rapid vs slow body mass reduction on body composition, rats were divided into three groups; fed ad libitum for 16-day (Control, C); received restricted food intake during 16-day to decrease BM slowly (Slow, S); or fed ad libitum for 13-days and fasted for the last 3 days to rapidly reach a BM comparable to that of S (Rapid, R). Drinking water was restricted for R on day 16 to rapidly decrease their BM. All rats trained during the study. Final BM and adipose tissues mass were similar for R and S, and both were lesser than C. The skeletal muscle mass did not decrease in R and S. The liver mass was lower in R and S than C, and the decrease tended to be greater in R than S. Both the stomach and small intestine masses were significantly lower in R than C, but did not differ between S and C. In conclusion, differences of the speed of BM reduction affect the splanchnic tissues, and the decrease in splanchnic tissue mass was greater with rapid than slow BM reduction.
Introduction
Rapid body mass reduction is commonly employed by wrestlers in Japan [1] . Because body fat is very low in elite wrestlers [2, 3] , especially in the lighter weight divisions [4] , it is difficult to reduce body mass by decreasing body fat. Thus, a decrease in total body mass can be achieved only through decreasing lean body mass. Therefore, wrestlers have to choose rapid body mass reduction methods that include dehydration and diet restriction for a short period of time.
However, rapid body mass reduction is not recommended [5] because of the loss of fat-free mass [6] , which has adverse effects such as the decline of muscle power and strength [7] and increased susceptibility to heat stroke due to dehydration [8] . While slow body mass reduction is recommended [4, 9] , some studies have reported that slow reduction also decreases fat-free mass in wrestlers [10, 11] .
Information on the effect of rapid vs slow body mass reduction on body composition in wrestlers is limited. Kukidome et al. [6] showed that rapid body mass reduction caused a greater loss of fat-free mass than body fat, when compared to slow body mass reduction. However, the composition and mass of skeletal muscles and splanchnic tissues were not determined. Other studies on body mass reduction speed focused on body fluid status [12] or exercise performance [13] in wrestlers and whole body protein kinetics [14] or glutathione synthesis [15] in non-athletes but did not investigate tissue composition. Currently, many wrestlers reduce body mass based on their own experience, and it is not well understood whether the speed of body mass reduction influences body composition.
In animal, no study has directly compared the effects of rapid vs. slow body mass reduction on body composition as well as in humans. We previously compared the rapid with slow body mass reduction on body composition in rats and found that the mass and protein content of the skeletal muscles and adipose tissues did not differ between the groups whereas the splanchnic tissues were lower in rapid body mass reduction than slow reduction (unpublished data). However, we could not determine what tissues decreased because our preliminary study was lacking in the data before body mass reduction as control.
Other reports showed that the skeletal muscle mass and protein was conserved while the adipose tissues and splanchnic tissues significantly decreased during the short periods fasting in rats [16, 17] . Therefore, we presumed that skeletal muscle mass and protein may not decrease in both rapid and slow body mass reduction, whereas the decrease of splanchnic tissues may be greater in rapid reduction in rats. In addition, we hypothesized that the greater loss of fat free mass in rapid body mass reduction compared to slow reduction in humans [6] may be related to the greater loss of splanchnic tissues in rapid body mass reduction.
The purpose of the present study was to investigate whether the speed of body mass reduction influences body composition, including that of skeletal muscles, adipose tissues, and splanchnic tissues in rats.
Materials and Methods

Animals and study design
The design of the study is summarized in Fig. 1 . Male Sprague-Dawley rats (5 weeks old, n = 15) were obtained from Japan Clea, Inc. (Tokyo, Japan) and kept individually in metabolic cages. The animal room was maintained at 23°C with a 12-h light-dark cycle (lights on from 2100 to 0900 h). The rats were fed ad libitum a standard rat chow (CE-2, Japan Clea, Inc.) and allowed free access to water for 6 weeks before body mass reduction. All rats were subjected to a climbing exercise. The exercise was accomplished utilizing a wire mesh cage (length 38 × width 28 × height 53 cm) which was placed on a 53°C electric hot plate. This temperature is the minimum temperature to provoke the rats to climb. When the rats were positioned at the bottom of the climbing apparatus during exercise, they were motivated to climb the apparatus by the heating plate. Initially, the rats were familiarized with the wire mesh cage by practicing climbing the apparatus from the bottom to the top cage for 7 days, and then the climbing exercise regimen started. The exercise regimen consisted of 6 times a week (10 min × 3 sets/day) during 6 weeks to mimic the situation in human athletes who engage in routine physical training. Rats were allowed to rest for 10 min between training sessions. All study procedures were conducted in conformity with the Guiding Principles in the Care and Use of Animals.
After the 6-week training period, the rats (11-week-old) were divided into three groups; one group continued to receive the standard chow diet ad libitum for the entire 16-day study period (Control, C; n = 5); a second group received restricted food intake during the 16 days to decrease body mass slowly (Slow, S; n = 5); the third group was fed ad libitum for 13 days and fasted thereafter for the last 3 days (Days 14-16) of the study period to rapidly reach a body mass comparable to that of the S group (Rapid, R; n = 5). Drinking water was not allowed for group R for the last 21 h before sacrifice, to mimic the method of rapid body mass reduction [6] . Other group ingested drinking water freely until sacrifice. This is because the water restriction is not used in wrestler who decreases body mass slowly. During the 16-day period, all rats continued the climbing exercise training. The degree of energy restriction was selected as the amount which decreases body mass gradually in rats of this age observed in our preliminary studies and the periods (2-3 weeks) are commonly used in human athletes. The fasting period was selected to produce a clear loss of body energy without causing emaciation [16, 18] and was roughly conformed to the magnitude of the weight loss in human athlete [6] . Body mass, food intake, water consumption, and weight of urine and feces were recorded daily at 0900 h. On the day before the commencement of weight reduction (Day-1), blood was taken from the tail vein at 0830 h and was immediately centrifuged at 3000 rpm for 15 min at 4°C. Urine and feces from all rats were also collected on Day -1 and the last 3 days of the study. On Day 16, blood was taken from the tail vein at 0830 h, and then all rats were euthanized under ether anesthesia. Skeletal muscles (gastrocnemius, soleus, plantaris, extensor digitorum longus, and tibialis anterior), abdominal adipose tissues (perirenal and epididymal), and splanchnic tissues (liver, stomach, and small intestine) were excised, and the masses of these tissues were determined. The masses of the stomach and small intestine were measured after removing the contents of these organs with saline.
Measurement of tissue composition
All excised tissue and collected feces samples were lyophilized. The sample water was determined as the difference of the mass before and after lyophilization. The nitrogen content in the samples was measured by the Kjeldahl method and converted to protein content by multiplying by 6.25. The total lipid content of the samples was measured by the Folch method [19] . The glycogen content was measured according to the method reported by Lo et al. [20] .
Nitrogen balance
The nitrogen content in urine and feces was measured with the Kjeldahl method, and the nitrogen balance was calculated as the difference between ingested nitrogen and nitrogen excreted in urine and feces.
Urinary 3-methylhistidine
The concentration of 3-methylhistidine in a pooled urine sample of the last 3 days was determined by highperformance liquid chromatography with post-column reaction using o-phthalaldehyde (as fluorescence reagent) as reported elsewhere [21] .
Blood analysis
Plasma glucose concentration was measured with the mutarotase-glucose oxidase method (Glucose CII-test Wako, Wako Pure Chemical Industries, Ltd., Osaka, Japan).
Statistical analysis
All values are expressed as mean and SD. Data were assessed by one-way ANOVA and Fisher's PLSD test. Statistical significance was assigned if p<0.05. All analyses were performed with a statistical package (Stat View J-5.0, SAS Institute Inc., Cary, NC).
Results
Food intake and body mass
Food intake was restricted gradually in S during the study and it was 41% lower than C at the last day of the study (C 26.3 g/day (SD 3.7), S 15.5 g/day (0.9)). Body masses during the study are shown in Fig. 2 . The initial body mass was comparable in the groups (C 400.8 g (26.4), R 398.8 (26.3), S 401.2 (26.0)). The final body mass was 16% lower in both R and S than C (p<0.05), while it was comparable in R and S (C 470.0 g (28.3), R 394.0 (28.6), S 394.8 (25.1)). Although the decrease in the body mass of S was small, rats of this age gained body mass as C. We thus regarded S as a group of slow body mass reduction because its body mass was lower than C.
Tissue mass and tissue compositions
After the 16 days of the study, the mass of all excised skeletal muscles did not differ in the 3 groups (Table 1 ). In addition, the sum of all excised skeletal muscle masses was not significantly different among the groups. As shown in Table 2 , the water, protein, total lipid, and glycogen content in the gastrocnemius and tibialis anterior were similar in the 3 groups, regardless of whether it was expressed in absolute or relative value, except for glycogen (mg/g tissue) in the tibialis anterior.
In contrast to skeletal muscles, the perirenal adipose tissue mass decreased by 58% and 42% in R and S, respectively (p<0.01, Table 3 ), due mainly to decreasing total lipid in this tissue (Table 2 ), but the decrease did not differ significantly between R and S. When the total lipid content of the perirenal adipose tissue was expressed per gram of tissue, it was lower in R than C; however, no statistically significant difference was observed between R and S. The liver mass decreased by 36% and 28% in R and S, respectively (p<0.01, Table 3 ) and it tended to be lower in R than S (p = 0.061). The content of water, protein, total lipid, and glycogen (Table 2) in the liver were significantly lower in both R and S compared with C, and the water content was significantly lower in R than in S and the glycogen content was lower by 92% in R than in S. When these components are expressed as relative to the liver mass, the content of water, protein, and total lipid did not differ between R and S, whereas the glycogen content in the liver was 90% lower in R than S (p = 0.075). The stomach (p = 0.017), small intestine (p<0.01), and the sum of these digestive organ (p<0.01) masses were significantly lower in R than C, while these values did not differ between S and C ( Table 3 ). The stomach mass was 18% lower in R than S (p = 0.069). The water, protein, and total lipid content of the stomach and small intestine were also significantly lower in R than C, whereas these measurements showed no difference between S and C, excluding the protein content in the small intestine, which was significantly lower in S than C (Table 2) . Glycogen in the small intestine did not differ when expressed per gram of tissue, while it was significantly lower in R than S when expressed per the whole organ.
Nitrogen balance
As shown in Table 4 , the nitrogen balance did not differ among the groups on the day before the study (Day -1). The nitrogen balance became negative during the 3-day fast (Days 14-16) in R, and it was significantly lower in R than in both C and S. The amount of nitrogen excreted into urine and feces in R decreased gradually during the 3-day fast. As a result, the nitrogen balance approached a positive value. In S, the nitrogen balance remained slightly positive during the last 3 days of the study in spite of an approximately 40% decrease in nitrogen intake. This was due to a decrease in excretion of urinary nitrogen during this period. The nitrogen balance was significantly lower in S than C.
Urinary 3-methylhistidine excretion
The urinary excretion of 3-methylhistidine during the last 3 days of the study was 81% and 138% greater in R than C and S, respectively. However, no statistically significant difference was observed among the 3 groups (C 1893.2 nmol/3 days (1868.2), R 3420.9 (2745.0), S 1439.8 (709.3)).
Plasma glucose concentration
The plasma glucose concentration did not differ among the groups on Day -1 (C 135.3 mg/dl (6.5), R 123.2 (10.9), S 139.8 (13.4) ). On Day 16, it was significantly lower in R than C and S and was significantly lower in S than C (C 130.8 mg/dl (7.0), R 94.7 (2.8), S 110.7 (6.5)).
Water balance
Water balance calculated by subtracting urine volume from water intake did not differ among the groups on Day -1 (Table 5 ). It was negative or slightly positive during the first 2 days of fasting (Day 14 and 15) in R, as a result of decreased drinking water consumption. On the final day of fasting (Day 16), water balance turned negative again in R. Water balance was positive throughout the study in S. 
Discussion
The primary finding of the present study is that differences between rapid and slow body mass reduction were observed in splanchnic tissues but not in skeletal muscle or adipose tissue. The decrease in splanchnic tissue mass was greater in rapid than slow body mass reduction. No differences in mass reduction were observed in skeletal muscle and adipose tissue. In addition, the decrease in skeletal muscle by both rapid and slow reduction was minimal.
As shown in Tables 1 and 2 , the mass and protein content of skeletal muscle did not decrease significantly in either rapid or slow reduction. The results observed in R in the present study are in agreement with reports that skeletal muscle mass remained unchanged during 3 days of fasting in 12-week-old rats [22] and that skeletal muscle protein was maintained during 5 days of fasting in 16-week-old rats [16] .
It is considered that the loss of skeletal muscle protein was associated with body fat stores [17, 23, 24] . Goodman et al. demonstrated that there is a strong connection between circulating lipid fuels (free fatty acid and ketone bodies) and protein sparing during starvation and that the diminution in these fuels may trigger protein loss in rats [17, 18, 24] . Although the present study did not determine plasma free fatty acids and ketone bodies, the total lipid content in the perirenal adipose tissue decreased by 61% in R ( Table 2 ). Assuming that the total lipid content in the whole body in rat is 10% of body mass [25] , the rat (470 g body mass) we used would contain 47 g total lipid in the whole body. If the total lipid in the whole body decreases by same ratio as total lipid in the perirenal adipose tissues, the loss of total lipid by the fasting is 29 g and it would represent 261 kcal. Since the basal metabolic rate of the rats (470 g body mass) for 3 days is approximately 165 kcal/day [26] , it is enough to meet energy needs of the 3 day fasted rats. Thus, it appears plausible that lipid fuels contributed to the conservation of skeletal muscle protein during fasting in R. Total lipid in the adipose tissue was also decreased in S (Table 2) , and the decrease did not differ significantly from R. Therefore, lipid fuels derived from adipose tissue might supply energy so that skeletal muscle protein could be spared in S, as well.
The mechanism responsible for maintenance of skeletal muscle protein during fasting in R in the current study was not clear. The rats in the present study performed climbing exercise 3 times a week. Therefore, it is possible that exercise training could prevent skeletal muscle loss during body mass reduction. However, in our pilot study, which employed a comparable energy restriction protocol to that of the current study but no exercise, no significant decrease in skeletal muscle mass was observed. We thus conclude that exercise training would not be associated with the minimal change in skeletal muscle mass in the present study.
In contrast to the findings in skeletal muscle, the decrease in mass of both the liver and the digestive tract tended to be greater in R than S ( Table 3 ). The reason why mass reduction was greater in splanchnic tissues than skeletal muscle in R appears to be related to the higher rate of protein turnover in splanchnic tissues [27, 28] . Furthermore, protein breakdown was greater in the gastrointestinal tissues than skeletal muscle during 3 days of fasting in young rats [29] . Therefore, protein degradation in tissues with rapid protein turnover, such as the digestive organs, would be enhanced to a greater extent in R than S because no exogenous protein/ amino acids were supplied during fasting in R. In S, however, protein supplied during food restriction would lessen protein degradation in these tissues. The implication is that rapid body mass reduction is more stressful on the intestinal organs in comparison to the slow body mass reduction. In addition, it was speculated that the greater loss of splanchnic tissues is contributed to the greater loss of the fat free mass with rapid body mass reduction compared with slow body mass reduction [6] . Urinary 3-methylhistidine excretion was not significantly different among the groups. Comparing the means of R and S with the Student t test showed that the excretion tended to be greater in R than S (p = 0.078). Urinary excretion of 3-methylhistidine is usually regarded as a marker of degradation of myofibrillar protein in skeletal muscle [30] . However, it has been reported that 15 to 41% of 3-methylhistidine excreted represents the degradation of protein in smooth muscle such as the digestive tract and skin [28, 31] . Emery et al. [29] have demonstrated that the 3-methylhistidine excretion is derived from the degradation of smooth muscle rather than skeletal muscle during the early period of fasting in rats. In the present study, urinary 3-methylhistidine excretion tended to be higher in R than S. Since skeletal muscle protein did not differ between R and S, increased urinary 3-methylhistidine excretion in R appears to originate from protein degradation in the digestive tract.
In order to reduce body mass rapidly, water intake restriction before competition is commonly used by body massconscious athletes including wrestlers [1, 32] . It is well known that these procedures cause dehydration [33] . Thus, drinking water was restricted for the last 21 h of fasting in R. Consequently, water balance turned negative in R, and it was significantly lower in R than both C and S (Table 5) , and the hematocrit value was significantly higher in R than both C and S, indicating that the rats in R were dehydrated. The water content of skeletal muscles did not significantly differ among the groups (Table 2) ; however, the content was somewhat less in R and S than C. Skeletal muscle consists of about 40% of body mass. Thus, the small difference observed among the excised muscles in the present study might be large enough to explain the negative water balance as a whole. The water content in the liver, stomach, and small intestine was significantly greater in C than the other two groups, suggesting that these organs also contributed to the negative water balance.
In conclusion, both adipose tissue and the digestive organs decreased in mass after body mass reduction, and the decrease in the digestive organs was greater in rapid reduction than slow reduction, while no difference was observed in the decrease in adipose tissue. Skeletal muscle did not decrease in mass during either rapid or slow reduction in the present study.
